Abstract To determine the contribution of infant temperament to the relationship between maternal sleep disturbance and depressive symptoms. Utilizing a prospective design, 112 couples recruited from childbirth education classes were assessed in third trimester and postpartum. Instruments included Center for Epidemiologic Studies Depression Scale, General Sleep Disturbance Scale, wrist actigraphy, and an investigator-developed tool to assess infant temperament completed by mothers and fathers. Regardless of infant temperament, mothers who slept < 4 h between midnight and 6 am and mothers who napped < 60 min during the day were at increased risk for depression at three months postpartum. Infant temperament was associated with maternal sleep but was not a significant predictor of depressive symptoms after controlling for other contextual factors. Postpartum clinical visits should include questions about maternal sleep so interventions can be directed toward sufficient sleep to minimize risk of postpartum depression.
Introduction
Studies suggest that women are more likely than men to develop a major mood disorder in their lifetime, with an increased risk during the childbearing years (Burt and Stein 2002; Altshuler et al. 2001; Beck et al. 1992) . The Diagnostic and Statistical Manual of Mental Disorders 4th Edition (DSM-IV) (American Psychiatric Association 1994) defines postpartum depression (PPD) as a constellation of specific symptoms that occur in the first few weeks postpartum while others define PPD as an onset of a depressive episode two weeks to 12 months after giving birth (O'Hara and Swain 1996; Sichel and Driscoll 2002; The Marcé Society 2006 ). An estimated 400,000 women suffer from PPD each year in the United States (Beck and Gable 2001) . Moreover, between 13-20% of all mothers in Western societies are affected by postpartum depression (Dietz et al. 2007; Dobie and Walker 1992; Monti et al. 2008; O'Hara and Swain 1996) . Multiple risk factors have been identified in the development of PPD and include: antenatal depression, lack of social support, child-care stress, adolescent pregnancy, poor relationship satisfaction, difficult infant temperament, low self-esteem, and low socioeconomic status (Beck 1996a (Beck , 2001 Logsdon and Usui 2001; Hendrick et al. 1998; Studd and Panay 2004; Beck 1995 Beck , 1998 Edhborg et al. 2001; Field et al. 1990; Grace et al. 2003; Murray 1992; Kelly et al. 2001; Lindgren 2001) .
The postpartum period is an unpredictable time for new mothers and they may find it especially difficult to adapt to the new routines and responsibilities of taking care of a newborn. The addition of a postpartum mood disorder can make the transition to motherhood even more challenging. Difficult infant temperament has been cited as a considerable stressor for the mother in the postpartum period (Cutrona and Troutman 1986; Mayberry and Affonso 1993) . In a metaanalysis of 17 studies, a significant correlation was found between infant temperament and PPD (Beck 1996b) .
Further examination of the research to date on infant temperament reveals two distinct perspectives. The first suggests that postpartum mood shapes a mother's perception of her infant (McGrath et al. 2008; Sugawara et al. 1999 ) and the second suggests that her infant's temperament influences maternal mood (Beck 1996b; Cutrona and Troutman 1986) . However, neither approach considers the sleep disturbance and deprivation that occurs in the postpartum period, and some research designs make it difficult to assess whether maternal sleep loss shapes her perception of her infant, or temperament of her infant influences how much sleep disturbance a mother experiences. Although poor sleep is a risk factor for PPD, and difficult infant temperament is also cited as a risk for developing PPD, there is little research regarding the influence of infant temperament on mother's sleep and mental health.
Our previous research has documented the relationship between maternal sleep disturbance and depressive symptoms during the third month postpartum (Goyal et al. 2007 ). However, the previous study did not consider the role of infant temperament, relationship satisfaction, or other known risk factors for postpartum depression. A framework was developed to help identify contextual factors that may contribute to postpartum depression at three months postpartum. As seen in Fig. 1 , salient contextual factors include prenatal depression, mother's demographic factors (including age, income and education), infant characteristics (health, gender, temperament) and the father of the baby (relationship satisfaction). Therefore, the current study addresses the following two questions in a sample of partnered first-time mothers: 1) is there a relationship between infant temperament and maternal depressive symptoms at 3 months postpartum, and 2) are depressive symptoms associated with sleep disturbance after controlling for other risk factors such as socioeconomic status (age, income, education), history of prenatal depression, relationship satisfaction, and infant characteristics (temperament)?
Materials and methods

Participants
As part of a longitudinal randomized clinical trial to improve parents' sleep in the first postpartum month, 112 expectant couples were recruited from childbirth education classes during the third trimester of pregnancy. Eligible mothers included nulliparas expecting their first child, partnered, at least 18 years of age, willing to participate, and able to read and write English. Couples were excluded if they planned to hire a live-in nanny, if either parent worked night shift, or if the woman had a history of involuntary pregnancy loss. This study was approved by the institution's Committee on Human Research. All participants signed the informed consent prior to data collection. All couples were paid for their participation.
Procedure
Women were studied in their homes during their last month of pregnancy and at 1 months, 2 months, and 3 months postpartum. Mothers randomly assigned to the intervention group (n=75) were given strategies to improve their postpartum sleep, and mothers assigned to the control group (n=77) were given comparable attention from the research team in the form of information on how to eat a healthy diet. The intervention was designed to improve sleep during the first 4 weeks of postpartum recovery and there were no group differences on the depression measures or sleep measures at baseline or 3 months postpartum. This 
Data analysis
Descriptive statistics were used to describe sample characteristics, Pearson correlations were used to quantify linear associations between continuous variables, and independent t-tests were used to identify group differences on continuous outcomes. A paired t-test was used to compare maternal and paternal ratings of their infant's temperament. Hierarchical linear regression analysis was used to determine the relationship between infant temperament reported by the mother and by the father and maternal depressive symptoms (continuous CES-D score) at 3 months postpartum, controlling for prenatal depressive symptoms and contextual factors such as maternal demographics and relationship satisfaction. Regression analysis was also used to determine whether the previously documented relationship between sleep and maternal depressive symptoms persists even after controlling for infant temperament. To refine the measurement of sleep, the present study included both objective actigraphy variables in addition to the subjective sleep disturbance scores included in the previous study. Analyses were conducted using SPSS 14.0 (SPSS, Inc, Chicago) and all tests used a significance level of 0.05.
Measures
Participants were asked to provide information regarding age, race, ethnicity, education, and household income. Postpartum information included type of delivery (cesarean or vaginal), infant sex, type of infant feeding, and maternal work status.
Depressive Symptoms The 20-Item Center for Epidemiological Studies Depression Scale (CES-D) is widely used to assess the frequency of depressive symptoms in women before and after childbirth (Callahan et al. 1991; Radloff 1977) . The instructions ask respondents to think back to feelings and attitudes over the past week and check the response that best describes how often they felt or behaved this way. Responses range from 0 (rarely/none or < 1 day) to 3 (most/all the time or 5-7 days) and total scores range between 0 and 60, with a higher score representing more frequent depressive symptoms. A score ≥ 16 is suggested as a risk factor for depressive illness and need for clinical evaluation. This cutoff score was used in the current study to distinguish mothers with an elevated level of depressive symptomatology (Yonkers and Samson 2000) . The CES-D was administered at each assessment. The CES-D has been found to have adequate sensitivity to detect major depression and good internal consistency and test-retest reliability in postpartum first-time mothers (Beeghly et al. 2003 ). In the current sample, the Cronbach alpha coefficient was .77 in the third trimester and .91 at 3 months postpartum.
Subjective Sleep Disturbance The General Sleep Disturbance Scale (GSDS) is a 21-item self-report measure of sleep disturbance (Lee 1992) . Participants are asked to rate the frequency of specific sleep problems during the past week from 0 (not at all) to 7 (every day). The subscales of the GSDS address problems such as difficulty falling asleep, mid-sleep awakening, early awakening, sleep quality, sleep quantity, daytime sleepiness, and use of medication to promote sleep. The total score ranges between 0 and 147. A higher score is indicative of more frequent sleep disturbance. The GSDS has demonstrated good internal consistency, with a Cronbach alpha coefficient of .88 in samples of employed women and childbearing women (Lee 1992; Lee and DeJoseph 1992) . In the current sample, the Cronbach alpha coefficient for the GSDS total score was .81 at 3 months postpartum. The GSDS was administered at each assessment, and this study reports the maternal data obtained at three months postpartum when sleep patterns became more stable.
Objective Sleep Disturbance In order to obtain objective measures of sleep, participants wore a wrist actigraph (Ambulatory Monitoring Inc., Ardsley, NY) for 48 h at each assessment. Wrist actigraphy provides continuous motion data using a wrist-watch size, battery operated microprocessor that senses motion with a piezo-electric linear accelerometer. Actigraph data were analyzed using Action4 software (Ambulatory Monitoring Inc., Ardsley, NY) and yielded three sleep-related outcome variables: 1) total sleep time (TST) at night as a measure of night-time sleep quantity, 2) time spent awake (WAKE) between midnight and 6:00 am as a measure of night-time sleep disruption, and 3) total daytime sleep (DAY) as a measure of daytime sleep quantity that may mitigate the effects of poor night-time sleep quality and quantity. Wake after sleep onset (WASO) is the variable typically used to measure night-time sleep disruption, but due to the multiple bed times and wake times typical in the postpartum period, the WAKE variable was considered a more valid and reliable measure. Given the lack of data for standardization of dichotomous cut-points for actigraphy variables, cut points for this study were based on previous research findings Lee and Gay 2004 ) and the three actigraphy sleep variables were dichotomized as follows: 1) TST insufficient (< 6 h per night) and sufficient (≥ 6 h per night) sleep quantity, 2) WAKE severe (≥ 2 h awake) and mild (< 2 h) wake time between midnight and 6:00 a.m., and 3) DAY sleepers (≥ 60 total minutes of daytime sleep) and non-sleepers (< 60 total minutes during the day). While wearing the wrist actigraph, each participant also completed a 48-hour sleep diary to record bed times and wake times. The diary was used to facilitate interpretation of actigraphy data. Wrist actigraphy and sleep diaries were used at each assessment, and more stable data from the third postpartum month was used for this analysis.
Infant Temperament Maternal and paternal perceptions of infant temperament were assessed at 1 months, 2 months, and 3 months postpartum using a brief 12-item investigatordeveloped questionnaire derived from many other child temperament instruments, particularly the 86-item Early Infant Temperament Questionnaire (Medoff-Cooper 1995; Medoff-Cooper et al. 1993) developed to measure many aspects of temperament. Items selected for this investigatordeveloped instrument were specific adjectives salient to early newborn moods and behaviors that have potential for impacting parental sleep and included quiet, cuddly, easy to soothe, happy, good, fussy, restless, temperamental, unpredictable, easily upset, awake all the time, and asleep all the time. Mothers and fathers were asked to think back over the past seven days and individually rate these behaviors on a scale of 0 (not at all) to 10 (very). Scores are reported as the mean of the 12 items, and a higher score is indicative of a more difficult infant. Additional space was provided for the parent to describe any additional behaviors. The intra-class correlation for the three monthly evaluations was .826 for the mothers and .705 for the fathers. Good internal consistency reliability was also demonstrated, with Cronbach alpha coefficients of .88 at 1 month, .84 at 2 months, and .77 at 3 months postpartum for mothers. Paternal Cronbach alphas ranged between .80-.84. This paper reports on maternal and paternal ratings of infant temperament at 3 months postpartum.
The 13-item Relationship Satisfaction Scale (RSAT) was used to measure current satisfaction with various aspects of the relationship on a 7-point scale from not at all satisfied (0) to very satisfied (6) (Burns et al. 1994) . The RSAT was administered at each assessment, and this study reports the maternal data obtained at three months postpartum. The Cronbach alpha coefficient was .93 at 3 months postpartum.
Results
Sample characteristics
Sample characteristics and descriptive data are presented in Table 1 . Prenatal data were collected 3.1±1.5 weeks before delivery and postpartum data collection occurred at 11.3± 1.0 weeks after delivery. Zero-order correlations among contextual variables, infant temperament, maternal sleep, and maternal depressive symptoms are presented in Table 2 , more difficult infant temperament as rated by both mothers and fathers was weakly associated with maternal subjective report of sleep disturbance. Maternal ratings of infant temperament were weakly associated with mother's total sleep time at night, although none of the correlations between infant temperament and actigraphy measures were statistically significant. The correlations between parental ratings of infant temperament and maternal depressive symptoms at three months postpartum were in the presumed direction, but did not reach statistical significance. Given the possibility that infant temperament ratings may have been influenced by the extent of parents' sleep loss, depressed mood, and contact with the infant, regression analyses included both maternal and paternal ratings of infant temperament.
Predicting postpartum depressive symptoms
Hierarchical regression analysis was used to test a model for predicting maternal depressive symptoms at three months postpartum (see Table 3 ). The overall model explained 54.7% of the variance in postpartum depressive symptoms and the following factors were included:
Socio-demographic Factors Maternal age, income, education, sex of the infant, delivery type, feeding type, and relationship satisfaction explained 14.5% of the variance in postpartum CES-D scores, with relationship satisfaction being the only significant socio-demographic predictor (β in the final model=−0.15, p=.039).
Prenatal Depressive Symptoms Given that a history of depressive symptoms is a strong predictor of PPD (Beck 1996a; Logsdon and Usui 2001) , third trimester CES-D scores were included in Step 2 of the regression model. Controlling for socio-demographic variables, prenatal depressive symptoms explained 10.0% of the variance in postpartum depression scores (β in the final model=0.19, p=.012).
Infant Temperament Controlling for the influence of sociodemographic factors and prenatal depressive symptoms, maternal and paternal ratings of infant temperament explained less than 1% of the variance in maternal depressive symptoms at three months postpartum, and neither parent's temperament rating made a significant contribution to the model. Fragmented maternal sleep is more strongly correlated with depressive symptoms than infant temperament at three months postpartum
Objective Sleep Measures Controlling for the variables described above, objective actigraphy sleep measures explained 16.4% of the variance in postpartum depressive symptoms. Sleeping at least 1 h during the day was associated with lower postpartum depressive symptom scores (β in the final model=-.18, p=.023) and spending two or more hours awake between 12 AM and 6 AM was associated with higher depressive symptom scores at three months postpartum (β in the final model=0.37, p<.001).
Subjective Sleep Measures Even controlling for all of the previous variables, subjective report of sleep disturbance was a significant predictor of postpartum depressive symptoms (β=0.41, p<.001) and explained an additional 13.4% of the variance in postpartum CES-D scores. Regardless of other factors, including objective measures of sleep quality and quantity, mothers who felt they were not obtaining adequate sleep, either in the GSDS subscale for difficulty falling asleep or subscale for excessive daytime sleepiness, had higher depressive symptom scores in the postpartum period (Table 4) .
Discussion and conclusion
The purpose of this study was to describe the relationship between infant temperament and maternal depressive symptoms and to build on our earlier research to identify factors that may change the relationship between sleep and depressive symptoms at 3 months postpartum. The contextual environment framework developed to guide this study identified multiple factors important in the development of PPD (Fig. 1) . Socioeconomic status, relationship satisfaction, prenatal depressive symptoms, infant sex, infant temperament, and disrupted maternal sleep have all been implicated in the development of postpartum depressive symptoms (Beck 1996a (Beck , 2001 Chaudron et al. 2001; Logsdon and Usui 2001) . In our sample of partnered first-time mothers, 28% had depressive symptoms (CES-D≥16) during the third trimester. This high percentage confirms other research where prenatal depression rates as high as 50% have been The seventh subscale for the GSDS is taking medication for sleep; this was omitted due to lack of variance in this subscale for pregnancy and postpartum women suggested (Chaudron et al. 2001; Chaudron et al. 2004 ). In our findings, the risk factors listed above collectively accounted for just over half of the variance in depressive symptoms at three months postpartum (Fig. 1) . Sociodemographic factors such as maternal age, income, education, sex of the infant, delivery type, feeding type, and relationship satisfaction explained 14.5% of the variance in depression symptoms at 3 months postpartum, with only maternal perception of relationship satisfaction being a significant predictor. Our results support a metaanalysis that concluded poor prenatal marital satisfaction was a significant predictor of postpartum depression (Beck 2002) .
No correlation was found between infant temperament and maternal depressive symptoms at 3 months postpartum. This was an unexpected finding given the considerable literature suggesting an association between PPD and difficult infant temperament at various infant ages (Austin et al. 2005; Beck 2001; Boyd et al. 2006; Cutrona and Troutman 1986; Edhborg et al. 2005; Galler et al. 2004; Mayberry and Affonso 1993; McGrath et al. 2008; McMahon et al. 2001; O'Hara and Swain 1996; Pauli-Pott et al. 2005; Sugawara et al. 1999) . Multiple study designs and methodological differences in how temperament is assessed and by whom make it difficult to compare these varying results. Cutrona and Troutman (1986) were among the first researchers to suggest a relationship between infant difficulty and PPD. They noted that infant temperament assessed by observation and maternal report accounted for 30% of the variance in depressive symptoms using the BDI at three months postpartum. However, their sample of 55 women was primarily married and college educated, and other risk factors such as prenatal depression were not addressed. Cutrona and Troutman's sample was very similar in age and socioeconomic status to our sample, however, their inclusion of both multiparous women and first-time mothers make comparisons difficult.
Although McGrath and colleagues (2008) found that depressed mothers were more likely to report increased infant difficulty at 2 and 6 months postpartum compared to non-depressed mothers, infant temperament was assessed with a 3-item measure that may have not been adequate to fully assess maternal perception of this construct. Sugawara and colleagues (1999) suggested that maternal depressive symptoms at 5 days postpartum significantly correlated with maternal perception of infant temperament at 6 months postpartum. However, maternal depressive symptoms and infant temperament were assessed at different time intervals from each other and the interval ranged from 5 days to 18 months postpartum. Findings were supported in a longitudinal study of 226 healthy women from Barbados (Galler et al. 2004) . Maternal depressive symptoms were measured at 7 weeks and 6 months postpartum, and maternal perception of infant temperament was measured at 7 weeks, 3 and 6 months postpartum. Mothers who reported depressive symptoms at 6 months postpartum were more likely to rate their infant as more difficult than women who were not depressed. Clearly there is a growing body of research suggesting a relationship between infant temperament and PPD. However, it is important to acknowledge that our short investigator-developed measure was internally consistent and stable across the 3 monthly assessments by both mothers and fathers, but has not yet been validated against other more established measures of early infant temperament. The difficulty in comparing results, given differences in prior research designs, methodologies, measurements, and time intervals for these studies should be acknowledged.
Prior research suggests that mothers with PPD are more likely to give negative descriptions of their children than control mothers (Murray and Cooper 1997) . Moreover, infant temperament is most often measured by maternal self-report ratings which may be influenced by both depressive symptoms and sleep disturbance. To account for any maternal report bias, regression analyses in this study included both maternal and paternal ratings of infant temperament. Furthermore, both objective and subjective measures of sleep were used in the analyses. Regression analysis identified wake time of more than 2 h between midnight and 6:00 AM, daytime sleep of less than 1 hour, and higher subjective sleep disturbance with more daytime sleepiness (reflected by self-report GSDS score) as significant predictors of maternal depressive symptoms at three months postpartum, after controlling for prenatal depressive symptoms, infant temperament, and relationship satisfaction with the father of the baby.
The GSDS subscale addressing problems of waking up during the night was not correlated with postpartum depressive symptoms. Due to the demands of providing infant care, however, most women had high scores on this scale regardless of their affective state. Our findings are similar to Huang and colleagues (2004) who noted that Taiwanese primiparas with depressive symptoms were more likely report increased daytime sleepiness related to infant care when assessed between 13-20 days postpartum. In our sample, the GSDS subscale addressing excessive daytime sleepiness was significantly correlated with postpartum depressive symptoms. The daytime sleepiness may be due in part to infant care during the night or to the inability or lack of opportunity to nap during the day.
The GSDS subscale for perception of difficulty falling asleep was also highly correlated with postpartum depressive symptoms. In most adults who experience daytime sleepiness, there is no problem with falling asleep at night, and in most adults with initiation insomnia, difficulty falling asleep at night is often associated with higher levels of arousal and hence daytime alertness. This initiation insomnia component of sleep disturbance needs further investigation in samples of women clinically diagnosed with PPD.
Research limitations and implications
This research study was limited by several factors, including the convenience sample design and high socioeconomic status of participants. The rate of clinically at-risk women in our sample (16.4%) was, however, similar to other rates reported in the literature and similar to what would be expected in the general population. To decrease family burden during data collection, infant temperament was assessed with an investigator-developed brief instrument adapted from more extensive measures and focused on early infant behaviors most likely to disrupt parental sleep. All of the participants were partnered and the sample was older than the national average age for first-time mothers in the United States. Over 75% of the sample self-identified as Caucasian, and most had access to private health insurance, indicating greater socioeconomic advantage. Further research in a sample of lowincome, younger, culturally diverse women is indicated. Nevertheless, infant temperament assessed by either mother or father did not alter the relationship between poor maternal sleep and depressive symptoms. Further work needs to be done to validate this short infant temperament scale with other more established questionnaires.
In order to further our understanding of why some women are at a higher risk for developing postpartum depression, a contextual environment framework was developed from the study findings that can be tested in future research. Suggestions for future research include using alternative measures for infant temperament, addition of objective infant sleep measures with ankle actigraphy, and longitudinal data collection that follows women later into their first postpartum year.
In conclusion, there is a growing body of literature suggesting a strong relationship between difficult infant temperament and subsequent maternal depressive symptoms. However, many studies have not taken into account other potential predictors of PPD that include parity, partner status and relationship satisfaction, ante-partum depression, and impaired maternal sleep. Our findings suggested maternal and paternal infant temperament ratings are stable over the first three months of life, are moderately correlated, and account for less than 1% of the variance in postpartum depressive symptoms when other factors are considered. Moreover, regardless of infant temperament, new mothers who slept < 4 h between midnight and 6 am, or new mothers who napped < 60 min during the day, were at an increased risk for PPD. Mothers who specifically complain about difficulty falling asleep at bedtime should also be evaluated more extensively for PPD. Healthcare providers should include sleep assessments during postpartum visits and interventions should be directed toward how mothers can obtain enough sleep so that daytime sleepiness is minimized and maternal-infant interactions are promoted to assure healthy infant development.
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